BACKGROUND: Current epidemiological patterns of adverse events of clinical BPH remain unclear. We investigated trends in acute urinary retention (AUR) associated with BPH in a large, population-based cohort. METHODS: We utilized the California Office of Statewide Health Planning and Development Database to examine 3 724 016 emergency room (ER) visits in California among men aged X 50 years from 2007 to 2010. Outcomes included AUR for which BPH was the primary diagnosis, AUR for which BPH was a secondary diagnosis and urethral catheterization for AUR. We generated adjusted odds ratios (OR adj ) using multivariate logistic regression to determine longitudinal trends. RESULTS: A total of 17 023 men presented with a diagnosis of BPH-associated AUR, the unadjusted incidence of which increased from 4.00 per 1000 ER visits in 2007 to 5.23 per 1000 ER visits in 2010 (Po0.001). In adjusted analyses, primary AUR (OR adj ¼ 1.25; 95% confidence interval (CI), 1.19-1.32; Po0.001) and secondary AUR (OR adj ¼ 1.80; 95% CI, 1.62-2.00; Po0.001) increased 25% and 80%, respectively. Urethral catheterization for primary (OR adj ¼ 1.30; 95% CI, 1.22-1.39; Po0.001) and secondary (OR adj ¼ 1.82; 95% CI, 1.57-2.11; Po0.001) AUR increased 30% and 82%, respectively. Asian race (Po0.001), Hispanic race (Po0.001) and commercial insurance (Po0.001) were associated with significantly increased risks of AUR and urethral catheterization. CONCLUSIONS: Between 2007 and 2010, the observed incidence of BPH-associated AUR increased substantially in a large and ethnically diverse male population of the United States.
INTRODUCTION
Clinical BPH affects as many as 75% of men by age 70 years and generates at least $4 billion in treatment costs annually in the United States. 1, 2 Clinical BPH usually presents with lower urinary tract symptoms (LUTS), which in older men are independently associated with increased risks of mortality, falls and diminished quality of life. [3] [4] [5] [6] Sequelae of advanced BPH, including acute urinary retention (AUR) and renal failure, are associated with significantly increased morbidity and mortality. 7 The most common treatment for BPH is oral therapy. 2 Oral therapy is highly effective for alleviating LUTS and decreasing the risks of AUR, urinary infection, surgery and renal failure. 8, 9 The advent of oral therapy transformed BPH from a surgical disease into a chronic medical condition and coincided with a decreased population incidence of adverse events secondary to BPH. 2 However, formal Phase 4 studies of a-blocker and five a-reductase inhibitor therapy were not performed, and longerterm epidemiological trends in adverse events of BPH during the oral therapy era remain unclear. 10 Notably, recent epidemiological data suggest that adverse events of BPH have either increased or persisted in hospitalized patients over the past decade. An analysis of the Nationwide Inpatient Sample observed that hospitalizations in the United States for acute renal failure secondary to BPH increased more than 400% between 1998 and 2008; concomitantly, the frequency of hospitalizations for AUR and urinary infection remained stable. 11 Diagnosis and treatment for BPH occurs primarily in the outpatient setting. 2 Further epidemiological studies of adverse events of BPH identified in outpatient venues, therefore, would inform BPH treatment and health policy by providing insight into current population trends in BPH severity. AUR, which occurs in B3% of BPH patients followed for 5 years, 8 is a readily measurable outcome and a robust marker of advanced BPH. Therefore, we evaluated trends in the incidence of AUR among men with BPH presenting to California emergency rooms (ERs). submit data on all discharged patients every 6 months. These records thus comprise a 100% sample of all non-federal (that is, non-Veterans Administration) ER discharges in the state of California. All data are de-identified and include demographic information, including age, gender, race, information on primary and concomitant diagnoses recorded and procedures performed, discharge information (for example, hospital admission and death) and administrative information (for example, payer information). As individual patients are not identified in this multicenter registry report, the need for consent and institutional review board approval was waived at the University of California San Diego. 1 
MATERIALS AND METHODS

Case selection
We performed a cross-sectional analysis from 2007 to 2010 for men X 50 years of age and identified BPH patients using ICD-9 codes (600.00 600.01, 600.90 and 600.91). We used ICD-9 codes 788. 20 Outcomes: AUR and urethral catheterization
The primary outcomes were BPH-associated AUR and urethral catheterization for BPH-associated AUR. We classified AUR into two different categories to distinguish encounters for which BPH was the presenting problem from those in which BPH occurred in the setting of another disorder. Primary AUR (BPH was the presenting problem) consisted of a primary code of AUR with an associated BPH code in a secondary position or a primary code of BPH with an associated AUR code in a secondary position. Secondary AUR (BPH occurred with another disorder) consisted of AUR and BPH codes in secondary positions.
To examine urethral catheterization, we identified urinary catheter insertion occurring with primary and secondary AUR using CPT codes 51701, 51702 and 51703 for insertion of urethral catheter.
Exposure variables included insurance status, race, age and diabetes mellitus (identified by ICD-9 code 250.00-250.99). We determined three categories for insurance status based on the expected source of payment variable: commercial insurance, Medicare and limited (which included Medicaid and other assistance programs).
Statistical analysis
We tested statistical significance of the outcome variable for bivariate analysis using w 2 -test and two-tailed significance of Pp0.05. Demographic variables were compared with ER patients without BPH-associated AUR and between primary AUR and secondary AUR. Median age was compared using Mann-Whitney's U-test. We performed multivariate analysis using binary logistical regression adjusted for age, race, diabetes and insurance status, and was expressed as the odds ratio with 95% confidence interval (CI). We determined the significance of the year-to-year trend using a linear time model and expressed as P-trend.
The year-to-year trend in AUR incidence among subsets of Black, White, Asian and Hispanic men with commercial insurance and men with limited insurance were compared using multivariate logistic regression to assess for homogeneity. We also compared year-to-year trends in primary AUR incidence with secondary AUR incidence among elderly patients (older than 85 years) and younger patients (age 50-64 years) to examine the relationship between age and AUR subtype. All analyses were performed using Stata v 11.1 (StataCorp, College Station, TX, USA).
RESULTS
Analytic cohort
We included 3 724 016 ER visits in this analysis ( Figure 1 ). The median age of the final analytic cohort was 61 years (interquartile range 54-73). Men with primary AUR (median 74 years, interquartile range 64-82, Po0.001) and secondary AUR (median 75 years, interquartile range 65-83, Po0.001) were significantly older than men without AUR. Of all ER visits during the period of study, 0.46% included a diagnosis of BPH-associated AUR. The incidence of AUR steadily increased from 2007 to 2010 (Table 1) . Primary AUR occurred four times as often as secondary AUR. Compared with non-AUR ER encounters, men with AUR were less likely to be Black, more likely to be Hispanic and more likely to be insured by Medicare (Table 1) .
Acute urinary retention On multivariate analysis, there was a 36% increase in the incidence of overall AUR in 2010 compared with that in 2007. The incidence of primary AUR increased 25%, whereas the incidence of secondary AUR increased 80%. Variables associated with increased risk of AUR included older age, Hispanic and Asian race and commercial insurance. Diabetes was associated with decreased risk of overall, primary and secondary AUR ( Table 2 ).
Urethral catheterization Primary AUR and secondary AUR were associated with urethral catheterization in 64% and 44% of cases, respectively. On multivariate analyses, there were significant increases in the incidence of urethral catheterization for primary (30%) and secondary (82%). Older age, Hispanic and Asian race and commercial insurance were associated with increased risk; diabetes and African American race was associated with decreased risk (Table 3) .
Sensitivity analyses
To examine potential residual confounding by age, we performed subset analyses to examine the increase of primary and secondary AUR among the elderly. Among men older than 85 years, the incidence of primary AUR increased 22% (adjusted odds ratio (OR adj ¼ 1.22; 95% CI, 1.07-1.41), whereas the incidence of secondary AUR increased 201% (OR adj ¼ 2.01; 95% CI, 1.64-2.48). Findings among the youngest age category-men aged 50-64 years-were similar to those for the primary analysis (data not shown). We also performed sensitivity analyses to test for homogeneity of the trend in increasing incidence of AUR among demographic subsets. There were no significant differences in the rates of increased incidence among Black and White race or among limited and commercial insurance (data not shown).
DISCUSSION
In this study, one of the largest population analyses to date of BPH complications, we observed substantial increases in both incident AUR and urethral catheterization for AUR among a large and ethnically diverse male population of the United States. Commercial insurance coverage and Hispanic and Asian race were each associated with increased risks of AUR and urethral catheterization. Collectively, our results suggest that the incidence of BPHassociated AUR is increasing in California and, consistent with recent data among BPH patients hospitalized for acute renal failure, 11 could indicate a rising incidence and prevalence of clinically advanced BPH in the US population.
Prior studies of longitudinal trends in AUR indicated a decreasing incidence from the 1990s through the early 2000s; after 2000, rates generally stabilized. From 1994 to 2000, according to observational data from the Urologic Diseases of America Project, the number of men presenting to ERs with BPH as the primary diagnosis decreased by 34%. 2 Similarly, the Hospital Episode Statistics database in England showed that primary AUR incidence decreased by 7% between 1998 and 2003-although, notably, the incidence of recurrent AUR increased by 20%. 12 Finally, between 1998 and 2008, hospitalizations for AUR in the United States remained stable.
11
Although Canadian investigators observed a substantial rise in the percentage of TURP patients presenting with AUR from 1988 (22.9%) to 2008 (42.9%), this result most likely reflected changes in the types of patients undergoing TURP rather than changes in population incidence. 13 To the best of our knowledge the present analysis is the first to describe incident AUR after 2008 and, within the context of prior studies, suggests a U-shaped AUR incidence curve with a steady decrease in the 1990s, a nadir in the early 2000s and a substantial increase after 2008. There are at least three potential explanations for these observations. First, these data could indicate an increase in the number of men with clinically advanced BPH, possibly resulting from the aging population. Alternatively, increasing numbers of BPH patients may now be presenting with clinically advanced disease after prolonged medical suppression of LUTS. The rapid transition to medical therapy during the 1990s occurred in the absence of randomized clinical trials comparing surgery with medication, models analyzing the import such a paradigm shift might have on future BPH population trends, or longer-term Phase 4 studies of medication utilization in a community. 10 A large proportion of BPH patients now undergo treatment in the primary care setting, and most of these patients receive a-blocker monotherapy. 14, 15 Both the Medical Therapy of Prostate Symptoms and a combination of Avodart and Tamsulosin trials demonstrated that a-blocker monotherapy is inferior to five a-reductase inhibitor alone or to combination therapy in preventing AUR, 8, 9 and five a-reductase inhibitor prescription rates are inversely and a-blocker prescription rates are directly associated with risk of BPH surgery. 16 It is possible that a-blocker monotherapy masks LUTS while allowing for subclinical biological progression, delaying the clinical onset of late-stage BPH without altering its longer-term natural history or reducing the overall incidence of adverse sequelae. The positive association of commercial insurance coverage with increased risk of AUR in this cohort supports this interpretation; patients with commercial insurance coverage presumably had greater access to oral BPH medications.
Second, rather than reflecting actual changes in AUR incidence, these data may instead indicate alterations in claimsbased diagnostic coding aimed at increasing reimbursements. 17, 18 As the similar patterns in AUR and urethral catheterization suggest cases in which bladder drainage was clinically indicated, temporal changes in claims-based data would likely represent a correction in-rather than a misrepresentation of-estimates of actual disease prevalence, with providers submitting claims (that is, for urethral catheterization) that previously had not been captured in the billing process. In this scenario, incidence would be expected to eventually stabilize at a new, higher frequency. The insurance status association is consistent with this interpretation, as providers would be more motivated to seek additional reimbursement for patients with commercial insurance coverage.
Finally, these results may reveal evolutions in the management of AUR. It is possible, for example, that health care providers over time are more aggressively diagnosing and treating AUR, or that Population trends in acute urinary retention HK Groves et al AUR patients previously catheterized in clinic are increasingly being sent to the ER. This latter interpretation raises issues related to resource utilization and the appropriateness of sending AUR patients to the ER for further procedures. Notably, the insurance status association is not consistent with this interpretation, as providers would presumably be more apt to send underfunded, rather than funded, patients to the ER. We also found that the increases in incident secondary AURcases for which the primary diagnosis was non-urologic, but the patient had a concomitant diagnosis of BPH-were greater in magnitude than those for primary AUR, with an 80% adjusted increase in risk from 2007 to 2010. As older age was more strongly associated with secondary AUR, and BPH patients with concomitant diagnoses of COPD and cardiac disease are at increased risk of AUR, 19, 20 a likely explanation is an aging population with a higher prevalence of both BPH and comorbid conditions. With the global population aging, these data portend a growing burden of AUR and associated health care costs in this setting, particularly as Foley catheter insertion is already a considerable source of morbidity that affects estimated tens of thousands of US men annually. 21, 22 In this cohort, the higher risk of AUR for Hispanic and Asian men, and the lower risk for African American men, may indicate differences in community prevalence of advanced BPH among these groups. However, prior published data on associations of BPH and race have been conflicting, [23] [24] [25] likely due, at least in part, to differences in clinical definitions of BPH and LUTS. 26 In addition, insurance status and treatment seeking may also have influenced these observations. The inverse associations of AUR with diabetes conflict with prior studies supporting increased risks of BPH 27 and BPH with urinary retention 20 with a diagnosis of diabetes. It is possible that in this case diabetic men with BPH and urinary retention were less likely to be evaluated in the ER.
A major strength of this study is the large and ethnically diverse analytic cohort. California is the most populous state in the United States, with a population approaching 40 million individuals (www.google.com/publicdata). Both its size and high proportion of non-White residents contribute to the robustness and external validity of the findings. Moreover, the analytic cohort included a nearly 100% sample of all California ER visits during this time period. A potential limitation of this analysis is that it did not incorporate detailed patient-level data, including BPH medication use, surgical history or ER bladder-scan data. Still, there is no evidence to suggest that variations in patient-level parameters would have been differential by year with respect to the primary study outcomes. It is also possible that misclassification bias, secondary to inaccurate coding by providers, occurred. To limit the potential for BPH misclassification bias, we stratified AUR by primary and secondary BPH and, importantly, AUR incidence significantly increased in both categories. Moreover, it is highly unlikely that inaccurate coding for BPH systematically generated an apparent association of year with incident AUR.
In conclusion, between 2007 and 2010, the incidences of BPH-associated AUR and urethral catheterization increased 
